n enhanced systemic inflammatory response is a typical feature of chronic diseases, including chronic obstructive pulmonary disease (COPD), cancer, rheumatoid arthritis and chronic heart failure. The pattern and degree of systemic cytokine elevation is remarkably comparable among these conditions, despite different primary organ pathology. Interestingly, these diseases share skeletal muscle weakness and wasting as a common phenomenon in the disease course, and experimental studies using different acute and chronic disease models have clearly implicated cytokinemediated effects, particularly of tumour necrosis factor (TNF)-a, on muscle contractility and muscle atrophy and regeneration.
TNF-a is thought to act on skeletal muscle cells in an endocrine as well as autocrine/paracrine fashion, but as yet it is unclear whether this cytokine is causally related to (altered) skeletal muscle remodelling and whether its effects facilitate or interfere with muscle plasticity in COPD. One approach to unravelling the role of TNF-a in atrophy, regeneration and muscle fibre type shifting is to compare local expression of TNF-a during muscle remodelling, e.g. in conditions which are accompanied by alterations in skeletal muscle mass, structure or metabolic activity.
Limited studies have investigated TNF-a expression in muscle biopsies of patients with COPD and unfortunately, no studies are yet available comparing expression levels between different muscles within the same subject. Some studies [1, 2] have demonstrated elevated muscular TNF-a expression in patients with COPD compared with healthy control subjects, but this finding was not confirmed by other studies [3, 4] .
Muscle biopsies are generally taken from the lower limb muscle (vastus lateralis). However, GEA et al. [5] were the first to draw attention to differential metabolic and structural adaptations of respiratory and lower and upper limb muscle, which could be related to differences in activity pattern. This ''compartments'' theory implies that muscular abnormalities obtained from vastus lateralis muscle cannot readily be extrapolated to upper limb or respiratory muscles, in particular in subjects with a sedentary lifestyle or patients with COPD who may suffer from both respiratory and limb muscle weakness. Indeed, a study comparing muscle structure and metabolism demonstrated that the diaphragm in controls and in COPD patients had a higher oxidative potential than the vastus lateralis, and that these muscle adaptations occur earlier in the diaphragm than in the vastus lateralis in mild-tomoderate COPD [6] . These studies are, however, hampered by the fact that it is nearly impossible to collect samples from patients without significant comorbidity and no data are available regarding altered cytokine expression in the diaphragm of patients with COPD. As an alternative approach, in the current issue of the European Respiratory Journal, CASADEVALL et al. [7] collected biopsies from the external intercostal muscle that also actively participates in ventilation. Comparison of biopsies of COPD patients and healthy controls revealed increased pro-inflammatory cytokine expression, in particular TNF-a, in intercostal muscles of COPD patients.
How may these findings relate to respiratory muscle dysfunction in COPD? Experimental studies have clearly demonstrated that high levels of exogenous or endogenous TNF-a induce contractile dysfunction of diaphragm muscles [8] [9] [10] . Conversely, muscular dystrophy-associated diaphragm dysfunction was attenuated in TNF-a-deficient mice [11] . In contrast, the actions of TNF-a on limb muscle contractile function are controversial [9, 10] . In line with the compartments theory, differential responses to inflammatory stimuli between respiratory and limb muscle have been postulated, as basal and lipopolysaccharide-induced inflammatory gene expression was markedly elevated in diaphragm compared with tibialis anterior muscle [12] . Nevertheless, cause and functional consequences of increased TNF-a expression, with respect to altered contractile protein composition and oxidative phenotype commonly observed in respiratory muscles in COPD remain unclear, as few or no studies have investigated the effects of inflammatory mediators on muscle oxidative phenotype.
In the study by CASADEVALL et al. [7] , increased proinflammatory cytokine expression in the intercostal muscles of COPD patients was accompanied by a tendency for increased sarcolemmal damage, tempting the authors to speculate that local TNF-a expression may be involved in muscle injury and/or regeneration. TNF-a expression may be cause or consequence of the observed damage, as both beneficial and detrimental effects on muscle regeneration have been attributed to TNF-a signalling. In skeletal muscle of myopathy patients, as well as in experimental models, muscle regeneration is associated with increased TNF-a expression [13] [14] [15] [16] . However, studies evaluating whether TNF-a expression is required for efficient regeneration using TNF-a or double TNF-a receptor-knockout animals have yielded opposing results [15, 17] . Similarly, studies in which muscular levels of TNF-a were experimentally increased revealed inhibition [18] [19] [20] [21] as well as stimulation [16] of muscle differentiation and regeneration. These apparently contradictory findings may be reconciled by differential effects depending on concentration and duration, as stimulation of differentiation was observed in response to low levels of TNF-a, whereas high levels of TNF inhibited regeneration and differentiation in a nuclear factor (NF)-kB-dependent fashion, which involved destabilisation of the myogenic regulatory factor MyoD. Some of the beneficial effects of low levels of TNF-a on regeneration may involve macrophage and neutrophil recruitment, as well as myoblast chemotaxis [22, 23] .
In addition to effects on regeneration, a substantial amount of experimental studies have demonstrated that peripheral muscle atrophy is induced by and depends on TNF-a and subsequent NF-kB signalling and muscle protein proteolysis via the 26S-ubiquitin proteasome pathway [18, 21, 24, 25] . Interestingly, OTTENHEIJM et al. [26] demonstrated myosinheavy chain depletion in the diaphragm muscle of COPD patients, which, in light of the atrophy-inducing effects of inflammatory signalling, suggests that increased TNF-a expression observed in the study by CASADEVALL et al. [7] may also be involved in atrophy of the respiratory muscles. Based on these findings and the reported increases in TNF-a expression [1] and NF-kB activation [27] in the limb musculature of cachectic COPD patients, anti-TNF-a treatment may appear to be an interesting therapeutic approach. Recently, RENNARD et al. [28] studied the clinical efficacy of infliximab, an anti-TNF-a antibody, in moderate-to-severe COPD. In general, no effects were observed but a post hoc analysis revealed a significant positive effect on 6-min walking distance in the subgroup of cachectic patients.
However, considering the opposing evidence from experimental studies regarding the role of tumour necrosis factor-a and inflammatory signalling in regeneration, it appears that, depending on timing, duration, magnitude and composition of the inflammatory response, muscle regeneration may beneficially or detrimentally be affected by tumour necrosis factor-a. Consequently, therapeutic approaches to the restoration or maintenance of muscle function in chronic obstructive pulmonary disease via modulation of tumour necrosis factor-a/ inflammatory signalling will require the availability of biomarkers that can provide information regarding the nature of the local inflammatory response in order to prevent interference with aspects of inflammation required for efficient regeneration. Moreover, as the little information available suggests a differential response and sensitivity between respiratory and peripheral muscles to inflammatory cues, a more fundamental understanding of inflammatory signalling in the different types of skeletal muscles is required for the safe targeting of inflammation in order to prevent or restore muscle (dys)function in chronic obstructive pulmonary disease.
